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1. 

VOLTAGE REGULATION CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to the field of power 

Supply circuits, and more specifically to voltage regu 
lating circuits in which a plurality of voltage regulator 
modules supply power to a common load. In the inven 
tion, regulation in the modules is achieved by a common 
control signal, and each of the modules has an under 
and over-voltage detector which determines whether 
the voltage supplied by it is within a predetermined 
range or outside thereof, and if the voltage is outside, 
switches the module out of the circuit. 

2. Description of the Prior Art 
In many applications, it is advantageous to have mul 

tiple power supply modules supply regulated voltage to 
a common load. For example, the redundant supplies 
permit power to the load to be uninterrupted in the 
event of the failure of one of the modules. Furthermore, 
in some cases, current demands may exceed the capabil 
ity of a single module at the rated voltage. Accordingly, 
additional power supply modules are provided to sup 
ply the excess current to allow the rated voltage to be 
maintained. 
A number of arrangements have been used to remove 

an individual power supply module in the event of fail 
ure. Failure can result in an over-voltage, which can 
damage a load circuit and can also result in under-volt 
age, which can draw current from the proplerly func 
tioning module which may be required by the load 
circuit. In some prior arrangements, when one of the 
power supplies fail, both of the power supply modules 
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are disconnected from the load, effectively turning off 35 
the load. In other arrangements, the individual power 
supply modules each include a circuit that is cross-con 
nected to sense failure in the other module, and discon 
nects the other from the load in the event of failure 
therein. In still other arrangements a common circuit 
senses the voltage provided by both of the modules, and 
switches a module out of the circuit if the voltage is 
outside of a preselected range. 

SUMMARY OF THE INVENTION 

In brief summary, the invention provides a new 
power supply circuit in which a plurality of voltage 
regulating modules connects to separate unregulated 
voltage sources. The outputs of the modules are con 
nected together to power a common load. Each of the 
modules includes a voltage regulator that receives the 
unregulated voltage and generates a regulated output 
voltage. The voltage regulators all receive a correction 
signal provided by a common control, which senses the 
Voltage Supplied to the load, compares it to a voltage 
reference, and generates the correction signal in re 
sponse thereto. The correction signal adjusts the volt 
age output of the voltage regulators in tandem. Each 
module includes a switch that disconnects its output 
from the load if the voltage output of voltage regulator 
is outside of a preselected range. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention is pointed out with particularity in the 
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appended claims. The above and further advantages of 65 
this invention may be better understood by referring to 
the following description of an illustrative embodiment 
taken in conjunction with the accompanying drawing, 

2 
which depicts a circuit diagram of a voltage regulating 
circuit according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Voltage regulation circuit 10 includes two voltage 
regulation modules 12 and 14 and a common control. 16. 
The voltage regulation modules each receive power 
from one or more unregulated power supplies (not 
shown) on lines 18 and 20 and supply power at a regu 
lated DC voltage at terminal 22. Lines 18 and 20 may be 
connected to the same power supply or to separate 
power supplies; connecting them to separate power 
supplies will enhance the reliability in the case of failure 
of any one of the supplies, as power can be provided to 
the load (not shown) by the other supply and its associ 
ated regulation module. 
The voltage regulation modules 12 and 14 contain 

identical circuitry, and therefore details of only one 
(that is, module 12) are depicted in the drawing. Volt 
age regulation module 12 includes a three-terminal ad 
justable regulator 30 which receives power at an unreg 
ulated voltage from line 18 at a voltage input 32, and 
transmits power at a regulated voltage on a voltage 
output terminal 34. A voltage adjustment terminal 36 
receives a correction signal from common control 16 on 
line 38 through diode 40 which causes regulator 30 to 
adjust the output voltage at terminal 34. 
The common control 16 connects to diode 40 in mod 

ule 12, and a corresponding diode in module 14 and 
supplies the correction signal which adjusts, in tandem, 
the voltage level of the outputs of both regulator 30 and 
a corresponding regulator in module 14. The common 
control 16 includes a voltage comparator 50 which has 
an inverting input 51 connected to terminal 22 through 
a voltage divider 53. A non-inverting input 56 is con 
nected to a terminal 58, which receives a reference 
voltage through a variable resistor 60. The voltage of 
the reference supplied at terminal 58, the setting of 
variable resistor 60, and the relative resistances of the 
resistors comprising voltage divider 54, all govern the 
value of the correction signal applied to diode 40, and 
the corresponding diode in module 14, and thereby 
govern the voltage at terminal 22. 
Each module 12 and 14 also includes switching cir 

cuitry 70 that cuts off or disconnects the voltage output 
terminal 34 of regulator 30 from terminal 22 in the event 
the voltage output at terminal 34 is outside of a selected 
range. A transistor switch 72 couples power from termi 
nal 34 to terminal 22 if the voltage at terminal 34 is 
within a range selected by a pair of voltage dividers 74 
and 76 and a reference voltage at terminals 78. 
A pair of comparators 80 and 82 transmits a signal 

that energizes a transistor 84 when the voltage at output 
34 is within the selected range. When transistor 84 is 
energized, it enables transistor 72 to conduct from ter 
minal 34 to terminal 22. 

If, however, the voltage at terminal 34 is above a 
selected maximum, that is, if the reference voltage at 
terminal 78 exceeds the voltage at the junction 86 be 
tween the resistors comprising voltage divider 74, the 
output of comparator 80 inverts. When the output of 
comparator 80 inverts, the input to the base of transistor 
84 goes low, turning off transistor 84 which in turn 
stops transistor 72 from conducting. The module is 
effectively cut off from terminal 22. 
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Contrariwise, the voltage at the junction 88 between 
the resistors comprising voltage divider 72 establishes a 
minimum voltage in the voltage range. If the voltage at 
the junction between the resistors comprising voltage 
divider 74 falls below the selected minimum, the output 
of comparator 82 inverts, and the input to base 84 simi 
larly goes low. The transistor 72 is therefore switched 
off, stopping the flow of current from terminal 34 to 
terminal 22. 

Each of the modules 12 and 14 also includes an alarm 
circuit 90 that indicates when the module's switching 
circuitry 70 is preventing the flow of current from its 
terminal 34 to terminal 22. An alarm diode 92, prefera 
bly a light emitting diode (LED) is energized by transis 
tors 94 and 96. Transistor 96 in turn is energized by the 
output of comparators 80 and 82 and, like transistor 84, 
conducts only when both comparators are transmitting 
a signal when the voltage at terminal 34 is within the 
selected range. Accordingly, if the output of either 
comparator inverts, indicating that the voltage is out 
side the selected range, transfer 96 switches off, thereby 
switching off transistor 94 and deemergizing alarm LED 
92. 

In summary, there has been disclosed a specific em 
bodiment of a voltage regulation circuit including re 
dundant voltage regulation modules controlled in tan 
dem by a common control. The modules together sup 
ply regulated voltage to a common load. Each of the 
modules includes circuitry for disconnecting itself from 
the load if its voltage output is outside of a selected 
range. It will be apparent that the specifically disclosed 
embodiment can be altered while achieving all or some 
of the advantages of the invention, Therefore, it is the 
object of the appended claims to cover all such varia 
tions and modifications as come within the true spirit 
and scope of the invention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A circuit for supplying power at a regulated volt 

age level to an external circuit comprising: 
(A) a plurality of power circuit means each for sup 

plying power to the external circuit, each of said 
power circuit means having an input terminal for 
connection to an unregulated power supply and 
having an output terminal, with all of the output 
terminals being connected together for connection 
to the external circuit, each said power circuit 
means further having: 

(i) voltage regulating means connected to said input 
terminal for receiving power from said unregulated 
power supply and for generating at an output a 
regulated voltage at a level determined by a cor 
rection signal; and 

(ii) switch means connected to the output of said 
voltage regulating means and to said output termi 
nal for receiving the regulated output from said 
voltage regulating means and for coupling the volt 
age to the external circuit and for switching off the 
voltage provided by said voltage regulating means 
if the voltage from said voltage regulating means is 
outside of a selected range; and 

(B) correction signal generating means connected to 
the output terminals of all of said power circuit 
means and to all of said voltage regulating means 
for generating the correction signal and for cou 
pling it to all of said voltage regulating means in 
response to variations in the regulated voltage at 
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4. 
said output terminals to maintain the voltage sup 
plied to the external circuit at a selected level. 

2. A circuit as defined in claim 1 in which each circuit 
means further comprises alarm means connected to its 
respective switch means for generating an alarm signal 
in response to the respective switch means cutting off 
the voltage. 

3. A circuit as defined in claim 2 in which said alarm 
means comprises a light emitting diode energized by the 
switch means in response to its switching off the voltage 
supplied to the external circuit. 

4. A circuit as defined in claim 1 in which said switch 
means comprises: 

(A) transistor gate means having an input connected 
to the output of said voltage regulating means and 
an output connected to the output terminal, said 
transistor gate means further including gate signal 
input means for receiving a gate signal that governs 
the flow of current from said input to said output; 
and 

(B) gate signal generating means connected to the 
output of said voltage regulating means and the 
gate signal input means for establishing the selected 
voltage range and for generating a gate signal 
when the voltage at the output of the voltage regu 
lating means is outside of the selected range. 

5. A circuit as defined in claim 4 wherein said gate 
signal generating means comprises high and low volt 
age comparators both of which have inputs connected 
to the output of said voltage regulating means, said high 
voltage comparator having a second input connected to 
a high voltage reference signal and said low voltage 
comparator having a second input connected to a low 
voltage reference signal, the high and low voltage com 
parators both having outputs connected to control the 
gate means in tandem, said high voltage comparator 
enabling said gate means to generate the gate signal 
when the output of said voltage regulating means ex 
ceeds the high voltage reference signal, and said low 
voltage comparator enabling said gate means to gener 
ate the gate signal when the output of said voltage regu 
lating means is below that of the low voltage reference 
signal. 

6. A circuit as defined in claim 5 in which said gate 
means constitutes a transistor controlled by the outputs 
of both said high and low voltage comparators. 

7. A circuit as defined in claim 1 in which said correc 
tion signal generating means comprises a voltage com 
parator for comparing the voltage level at said output 
terminal to a reference voltage and generating a correc 
tion signal representative of the amount by which the 
voltage of the outputs differs from the voltage refer 
ence, said voltage comparator having an input con 
nected to the outputs of all of the switch means and a 
second input connected to the reference voltage, the 
output of the voltage comparator being coupled as the 
correction signal to the inputs of all of the voltage regu 
lating means. 

8. A power regulating circuit for receiving power 
from an unregulated power supply at an input terminal 
and for supplying a regulated voltage at an output ter 
minal to an external circuit comprising a plurality of 
voltage regulating modules each having an input con 
nected to said input terminal of coupling a regulated 
voltage output to said output terminal in response to a 
correction signal generated by a correction signal gen 
erating means connected to said output terminal and to 
each of said voltage regulating modules, the correction 
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signal generating means generating said correction sig 
nal in response to the voltage level at said output termi 
nal being in excess of a desired voltage level, each of the 
regulating modules further comprising switch means 
for switching off its output to said output terminal if its 
regulated voltage output is outside of a selected range. 

9. A circuit as defined in claim 8 wherein each said 
voltage regulating modules further includes alarm 
means connected to its respective switch means for 
generating an alarm signal in response to the respective 
switch means switching off the output of said module. 

10. A circuit as defined in claim 9 in which said alarm 
means comprises a light emitting diode energized by the 
switch means in response to its switching off the output 
of said module. 

11. A circuit as defined in claim 8 in which said 
switch means comprises: 

(A) transistor gate means having an input connected 
to the output of said voltage regulating module and 
an output connected to the output terminal, said 
transistor gate means further including gate signal 
input means for receiving a gate signal that governs 
the flow of current from said input to said output; 
and 

(B) gate signal generating means connected to the 
output of said voltage regulating module and the 
gate signal input means for establishing the selected 
voltage range and for generating a gate signal 
when the voltage at the output of the voltage regu 
lating Inodule is outside of the selected range. 

12. A circuit as defined in claim 11 wherein said gate 
signal generating means comprises high and low volt 
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6 
age comparators both of which have inputs connected 
to the output of said voltage regulating module, said 
high voltage comparator having a second input con 
nected to a high voltage reference signal and said low 
voltage comparator having a second input connected to 
a low voltage reference signal, the high and low voltage 
comparators both having outputs connected to control 
the gate means in tandem, said high voltage comparator 
enabling said gate means to generate the gate signal 
when the output of said voltage regulating means ex 
ceeds the high voltage reference signal, and said low 
voltage comparator enabling said gate means to gener 
ate the gate signal when the output of said voltage regu 
lating means is below that of the low voltage reference 
signal. 

13. A circuit as defined in claim 12 in which said gate 
means constitutes a transistor controlled by the outputs 
of both said high and low voltage comparators. 

14. A circuit as defined in claim 8 in which said cor 
rection signal generating means comprises a voltage 
comparator for comparing the voltage level at said 
output terminal to a reference voltage and generating a 
correction signal representative of the amount by which 
the voltage of the outputs differs from the voltage refer 
ence, said voltage comparator having an input con 
nected to the outputs of all of the switch means and a 
second input connected to the reference voltage, the 
output of the voltage comparator being coupled as the 
correction signal to the inputs of all of the voltage regu 
lating means. 
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